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I. INTRODUCTION 

A. H i s to ry  o f  t h e  P&M Merriam Laboratory i n  Coal L ique fac t i on  

The P&M Merriam Laboratory began a bench sca le  i n v e s t i g a t i o n  o f  so lvent  r e f i n i n g  of 
coa l  i n  1962. Ea r l y  work was t o  v e r i f y  design concepts and o p e r a b i l i t y  f o r  a one 
t o n  per day process development u n i t  
1963 and operated du r ing  much of  1964 

i n  Kansas City which was b u i l t  dur ing  

I n  1967, bench sca le  s tud ies  resumed a t  Merriam, p r i m a r i l y  t o  support  the design 
e f f o r t  f o r  t h e  50 ton  per  day p i l o t  p l a n t  a t  F t .  Lewis, Washington which operated 
from 1974 u n t i l  1981. Work has cont inued on a l a r g e  v a r i e t y  o f  coal  l i q u e f a c t i o n  
problems since 1967 under sponsorship o f  t h e  O f f i c e  o f  Coal R search, Energy Research 
and Development Admin i s t ra t i on  and the  Department o f  

B. Current A c t i v i t i e s  

The experiments descr ibed i n  t h i s  paper were conducted a t  the Merriam Laboratory 
du r ing  1980 and 81. They were begun under DOE Contract  79ET14800 du r ing  a study on 
the  r e l a t i o n s h i p  between coa l  p roper t i es  and l i q u e f a c t i o n  behavior. Add i t iona l  work 
was c a r r i e d  out du r ing  the  c u r r e n t  con t rac t  (81PC40005) t o  i n v e s t i g a t e  SRC process- 
i n g  c h a r a c t e r i s t i c s  w i t h  d isposab le  c a t a l y s t s  us ing  a l t e r n a t e  coa ls  from d i f f e r e n t  
regions. 

C. Previous Work 

E a r l i e r  s tud ies  had shown subbituminous coa ls  t o  be o f  low r e a c t i v i t y  i n  SRC pro- 
cesses (3,495). 
t o  a lack  o f  i r o n  t o  a c t  as an i n - s i t u  c a t a l y s t .  
work f o r  a v a r i e t y  o f  coa ls  f rom t h e  Rocky Mountain and Great P la ins  Provinces where 
opera t ion  w i thout  added c a t a l y s t  was n o t  poss ib le  a t  normal SRC I 1  cond i t ions .  
Add i t ion  o f  moderate amounts o f  p y r i t e  (4-5 w t  % FeS2, based on c o a l )  resu l ted  i n  
t r o u b l e  f r e e  operat ion,  however, and a t t r a c t i v e  y i e l d s  o f  h igh  q u a l i t y  o i l s .  

The low r e a c t i v i t y  o f  these coa ls  was be l ieved t o  be due p r i m a r i l y  
This was v e r i f i e d  i n  the cur ren t  

D. Factors A f f e c t i n g  t h e  Resu l ts  

The s p e c i f i c  y i e l d s  and produc t  q u a l i t y  ob ta ined i n  these experiments depended on 
the  coal, source and l e v e l  o f  p y r i t e  added and on l i q u e f a c t i o n  cond i t ions .  
these fac to rs  w i l l  be discussed below. 

Each of 

11. EXPERIMENTAL 

A. Bench Scale U n i t  

A l l  o f  the experiments were conducted a t  Merriam us ing  the  bench sca le  u n i t  depicted 
i n  Figure 1. 
s o l i d  and l i q u i d  phases(67. It has produced r e s u l t s  which match c l o s e l y  those 
obtained i n  l a r g e r  sca le  opera t ions .  

Coal was mixed w i t h  recyc led  s o l v e n t  and recyc led  u n f i l t e r e d  coal  s o l u t i o n  and 
charged a t  1800 o r  2250 p s i g  w i t h  a Hills-McCanna pump. 

This u n i t  h s been i n  opera t ion  s ince  1978 and a l lows f o r  recyc le  of 

Pure hydrogen was added a t  
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it the  base Of  the  preheater. The s l u r r y  passed through a 310 cm3 preheater,  where the  
temperature was ra i sed  t o  4OO0C, and 1 l i t e r  d i sso l ve r .  The d i s s o l v e r  was housed i n  
a 6-zone a i r  furnace which al lowed c lose  temperature c o n t r o l  and e i t h e r  an isothermal 
( a t  45OOC and 465OC) o r  s imulated ad iaba t i c  (457°C average) p r o f i l e .  
e f f l uen t  was separated i n t o  f i v e  streams by a system o f  f o u r  e q u i l i b r i u m  f l ash  
vessels operated a t  reac to r  pressure as w e l l  as an atmospheric f l a s h  and d i s t i l l a t i o n  
column. 

B. Run Conditions 

The cond i t ions  used i n  these runs a re  shown i n  Table I. 
pressure of 2250 ps ig ,  used i n  a l l  o f  t he  runs except one, was chosen i n i t i a l l y  t o  
a l l ow  opera t ion  w i t h  a wide v a r i e t y  o f  coa ls .  
cont inued u n t i l  steady s t a t e  was achieved. 
conducted by l i n i n g  ou t  f i r s t  w i t h  p y r i t e  i n  the  feed and then dropping p y r i t e  out. 
Y ie lds  were determined a t  t h e  p o i n t  a t  which opera t ion  cou ld  no longer  be sustained. 

The coa ls  used i n  t h i s  se r ies  o f  experiments a re  l i s t e d  i n  Table 11. 
subbituminous, one h igh  v o l a t i l e  C b i tuminous and two bo rde r l i ne  between these two 
c l a s s i f i c a t i o n s .  A l ow- i ron  P i t t sbu rgh  seam coal  i s  inc luded f o r  comparison. 

Four d i f f e r e n t  p y r i t e s  were used w i t h  the  p roper t i es  shown i n  Table 111. The 
Matheson, Coleman & B e l l  p y r i t e s  were mined i n  Georgia as a d i s c r e t e  minera l .  
were b a l l  m i l l e d  and passed through a 140 mesh screen be fore  use. The Robena py- 
r i t e s  were obtained from the  coa l  c lean ing  opera t ion  o f  t he  U. S. S tee l  Robena Mine, 
Green County, Pennsylvania. 
Palmyra, New Jersey. 

The d i s s o l v e r  

This r a t h e r  generous i 
The runs w i t h  added p y r i t e  were 

The runs w i thou t  added p y r i t e  were 

Two were 

They 

They were f i n e l y  ground by The J e t  Pu lve r i ze r  Company, 

111. RESULTS 

A. E f f e c t  o f  Coal Source 

1. 

The pr imary d i f f e rence  i n  the  SRC I 1  processing o f  western coals w i t h  and w i thou t  
p y r i t e  i s  t h a t  w i t h  p y r i t e  they  can be run, w i thou t  p y r i t e  they  can no t !  
t ha t ,  there  are  dramat ic changes i n  the  y i e l d  pa t te rns ,  as shown i n  Table I V .  
changes shown are minimum values computed a t  t he  t ime when opera t ion  cou ld  no longer  
be sustained w i thou t  add i t i ve .  If the runs w i thou t  a d d i t i v e  cou ld  be l i n e d  out,  t he  
d i f f e rences  would be even grea ter .  

With the  western coals,  t o t a l  o i l  y i e l d  was 15 t o  22 w t  % (based on MAF coa l )  
h igher  when p y r i t e  was added and SRC y i e l d  from 9 t o  12 w t  % lower ,  w i t h  B e l l e  Ayr 
Mine coal  being the  most responsive. 
( t o t a l  conversion increased) by 6 w t  % and f o r  B e l l e  Ayr by 12 w t  %. 
small v a r i a t i o n s  i n  hydrocarbon gas y i e l d s ,  w i t h  two h igher  and two lower w i t h  
add i t i ve .  

The B l a c k s v i l l e  No. 2 coal ,  a r e l a t i v e l y  low i ron ,  low r e a c t i v i t y  eas tern  bituminous 
coa l ,  i s  inc luded f o r  comparison. 
p y r i t e  a d d i t i o n  was about an order  of magnitude less than w i t h  the  western coa ls .  

With Kaiparowits coa l ,  a h ighe r  hydrogen l e v e l  (8.6 vs 7.8 w t  %) was achieved i n  
the  heavy d i s t i l l a t e  (>288OC) from the  ca ta lyzed run. 
however, the  hydrogen l e v e l s  a c t u a l l y  decreased when c a t a l y s t  was added, due t o  the 
l a r g e  increase i n  conversion of  ma te r ia l  i n t o  the  upper end o f  t he  heavy d i s t i l l a t e  
b o i l i n g  range. 
res idue was s i g n i f i c a n t l y  lower w i t h  added p y r i t e  and i t s  s o l u b i l i t i e s  i n  hexane and 
toluene considerably h ighe r  ( lower preasphaltene conten t ) .  

S e n s i t i v i t y  o f  Various Coals t o  P y r i t e  Add i t i on  

Beyond 
The 

For two o f  t he  coa ls ,  I O M  y i e l d  decreased 
There were 

Hydrogen consumption increased by va r ied  amounts. 

1 

The response i n  t o t a l  o i l ,  SRC and I O M  y i e l d s  t o  

With McKinley and Edna coals,  

With a l l  t h e  western coals,  the  fus ion  p o i n t  o f  t he  d i s t i l l a t i o n  

19 



There were e s s e n t i a l l y  no d i f f e r e n c e s  i n  elemental analyses f o r  any O f  the  products 
f rom the  B l a c k s v i l l e  No. 2 coa l  runs made w i t h  o r  w i thou t  added p y r i t e .  

2. 

The y i e l d s  and hydrogen consumptions r e s u l t i n g  f rom the  SRC I 1  processing o f  f i v e  
d i f f e ren t  coa ls  a t  45OOC average d i s s o l v e r  temperature, 2250 p s i g  and 1.0 hour r e s i -  
dence time w i t h  added p y r i t e  a r e  compared i n  Table V.  

The western coa ls  y i e l d e d  49-57 w t  % t o t a l  o i l  (MAF coal  bas i s )  compared t o  approxi- 
mately 44 w t  % w i t h  Powhatan coa ls  ( a t  457OC and 1800 p s i g )  which are  more t yp i ca l  
of  those used i n  development o f  t he  SRC I 1  process. Kaiparowits and Edna Mine coals 
were a t  t h e  h igh  end o f  t he  range w h i l e  B e l l e  Ayr and McKinley were a t  the  lower end. 

SRC y i e l d s  a l s o  va r ied  w ide ly ,  f rom 18-27 w t  %, I O M  y i e l d s  f rom 2.8-4.6 w t  %, hydro- 
carbon gas y i e l d s  from 12-15 w t  % and hydrogen consumption from 4 1/2 t o  6 1/2 w t  %. 
This  compares t o  about 28  w t  % SRC and 6 w t  % I O M  (MAF bas is )  i n  a convent ional  SRC I 1  
process w i t h  Powhatan coal .  
hydrogen consumptions are  q u i t e  low r e l a t i v e  t o  o i l  y i e l d  compared t o  those f o r  Pow- 
hatan coals. 
5 w t  % hydrogen (again, on a MAF bas is ) .  

B. E f f e c t  of P y r i t e  Source and Level  i n  the  Feed S l u r r y  

1. E f f e c t  o f  P y r i t e  Source 

The r e s u l t s  o f  processing B e l l e  Ayr coal  w i t h  th ree  d i f f e r e n t  p y r i t e  samples are com- 
pared i n  Table V I .  

The Robena P y r i t e  I 1  produced a much grea ter  e f f e c t  than the  o the r  two p y r i t e  samples 
even though on ly  about h a l f  as much was added and the  t o t a l  s o l i d s  l e v e l  i n  the feed 
s l u r r y  was about 5 w t  % lower than i n  the  o the r  runs. To ta l  o i l  y i e l d  was 11.3 w t  % 
h ighe r  based on MF coal ,  than w i th  Matheson, Coleman and B e l l e  (MCB) p y r i t e  wh i le  
SRC, IOM and hydrocarbon gas y i e l d s  were lower by 3.9, 5.0 and 1.3 w t  %, respec t ive ly .  

Add i t i on  o f  MCB p y r i t e  r e s u l t s  i n  a s l i g h t l y  h igher  t o t a l  o i l  y i e l d  and s l i g h t l y  
lower SRC y i e l d  than t h e  Robena P y r i t e  I11 al though t o t a l  conversion t o  p y r i d i n e  
so lub le  ma te r ia l  was l ess .  

Hydrogen consumptions were n e a r l y  t h e  same du r ing  these th ree  runs. 

There were no c l e a r  t rends  i n  t h e  heavy d i s t i l l a t e  and d i s t i l l a t i o n  res idue elemental 
analyses. The res idue from t h e  run  w i t h  Robena P y r i t e  I 1  had the  lowest f us ion  po in t  
and h ighes t  s o l u b i l i t i e s  i n  hexane and to luene ( lowest  preasphaltene conten t )  whi le 
t h a t  f r o m  the  run  w i t h  MCB P y r i t e  I 1  had the  h ighes t  f us ion  p o i n t  and lowest solu- 
b i  1 i t i e s .  

The cond i t ions  f o r  these th ree  experiments were i d e n t i c a l  except f o r  t he  p y r i t e  
sample (and l e v e l )  and feed s l u r r y  s o l i d s  l eve l .  
p les  were ob ta ined from a coa l  c lean ing  opera t ion  w h i l e  the  MCB p y r i t e  was mined 
as a d i s c r e t e  mineral .  

As mentioned e a r l i e r ,  t he  MCB p y r i t e  was b a l l  m i l l e d ,  t he  Robena I 1  was j e t  pu l -  
ver ized  i n  a i r ,  and the  Robena I 1 1  was j e t  pu l ve r i zed  i n  a n i t rogen  atmosphere. 
The a c t i v i t y  of  t h e  a d d i t i v e  appears t o  c o r r e l a t e  w i t h  sur face  are, perhaps as an 
i n d i c a t o r  o f  d i f f e r i n g  sur face  s t ruc tu re .  
b e r  of  samples, however, and Sandia has r e  o r t e d  t h a t  there  i s  no c o r r e l a t i o n  
between sur face  area and p y r i t e  a c t i  v i  t y (78 .  

Comparison o f  Coals w i t h  Added P y r i t e  

It i s  i n t e r e s t i n g  t o  no te  t h a t  t he  hydrocarbon gas and 

These t y p i c a l l y  y i e l d  16 w t  % hydrocarbon gas and consume a l i t t l e  over 

The Robena P y r i t e  I1 and 111 sam- 

The P y r i t e  analyses d i f f e r  somewhat, as shown i n  Table 111. 

Th is  conc lus ion  i s  based on a smal l  num- 
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\ 2. E f fec t  of P y r i t e  Level i n  the  Feed S l u r r y  

The e f f e c t  of i r o n  l e v e l  i n  t h e  feed s l u r r y  on y i e l d s  was determined i n  run  DOE 
350R. 
and a t  7 po in ts  a f t e r  t h e  a d d i t i v e  was dropped from the  fo rmula t ion .  
t h a t  y i e l d s  p l o t t e d  aga ins t  t o t a l  i r o n  i n  the  feed s l u r r y  on a l oga r i t hm ic  sca le  
gave an e s s e n t i a l l y  l i n e a r  r e l a t i o n s h i p ,  as shown i n  Figure 2. 

The a d d i t i o n  o f  1 w t  % p y r i t e  t o  t h e  feed i n  run  DOE 350RA r e s u l t e d  i n  an i r o n  l e v e l  
Of  about 2.5% i n  the e q u i l i b r a t e d  feed s l u r r y .  When p y r i t e  a d d i t i o n  was stopped i n  
run  DOE 350RC, the i r o n  l e v e l  i n  t h e  s l u r r y  dropped t o  about 0.35 w t  % before the  
run  was terminated by a p lug  i n  the  preheater.  As i r o n  concent ra t ion  decreased over 
t h i s  range, t o t a l  o i l  y i e l d  dropped from about 56 t o  28 w t  %, SRC y i e l d  increased 
from 14 t o  28 w t  % and I O M  y i e l d  increased from 1.3 t o  14 w t  %. There was l i t t l e  
e f f e c t  on hydrocarbon gas y i e l d .  

The hydrogen l e v e l  i n  the  heavy d i s t i l l a t e  a l so  dropped o f f  s i g n i f i c a n t l y  ( f rom 8.5 
t o  7.7 w t  %) as i r o n  was worked ou t  o f  t he  system. 
increase i n  d i s t i l l a t i o n  res idue fus ion  p o i n t  ( f rom about 110 t o  190°C). 

C. E f fec t  o f  L iquefac t ion  Condit ions 

1. Temperature E f f e c t  

The e f f e c t  o f  inc reas ing  t h e  average d i s s o l v e r  temperature from 450 t o  465OC w i t h  
th ree  d i f f e r e n t  coals and added p y r i t e  i s  shown i n  Table V I I .  I n  each case the re  
was a s i g n i f i c a n t  increase i n  hydrocarbon gas y i e l d  and hydrogen consumption a t  the  
h igher  temperature, as expected. There were a l s o  decreases i n  o i l  and SRC y i e l d s  
and increases i n  I O M  y i e l d s .  From these r e s u l t s  i t  i s  apparent t h a t  t he  optimum 
temperature f o r  processing these coa ls  w i t h  added p y r i t e  i s  c lose r  t o  45OOC than 
465OC. 

I n  each case, there  were lower hydrogen l e v e l s  i n  t h e  heavy d i s t i l l a t e  and d i s t i l -  
l a t i o n  res idue a t  t h e  h igher  temperature. 
unaffected, 

2, Combined Temperature/Pressure E f f e c t  

The r e s u l t s  o f  processing Edna Mine coal  a t  45OOC and 2250 ps ig  o r  457OC and 1800 
p s i g  a re  compared i n  Table V I I I .  

The r e s u l t s  o f  run DOE 427RA a re  q u a l i t a t i v e  s ince  the  run  was ended a f t e r  t h ree  
days due t o  inc reas ing  s l u r r y  v i s c o s i t y .  
s t i  11 apparent, however. 

The t o t a l  o i l  y i e l d  was h igher  and t h e  I O M  y i e l d  lower a t  450°C and 2250 ps ig .  
run  DOE 427RA could have been l i n e d  out,  t he  d i f f e rences  would probably be more 
pronounced. 
n o t  much d i f f e rence  was observed i n  SRC y i e l d s  and hydrogen consumptions. 

Work i s  planned a t  Merriam t o  f i n d  t h e  optimum cond i t i ons  f o r  processing western 
coa ls  w i t h  added p y r i t e ,  and s p e c i f i c a l l y  t o  i s o l a t e  the  temperature and pressure 
ef fects,  I t  i s  l i k e l y ,  however, t h a t  a t  l e a s t  some o f  t he  improvement was due t o  
the  increased pressure. 

3. Ef fect  o f  S l u r r y  Recycle 

The scope o f  t h i s  paper has been l i m i t e d  t o  SRC I 1  mode operat ion.  
es t ing ,  however, t o  make a t  leaSt.One Comparison t o  SRC I opera t ion  t o  determine the 
e f fec t  o f  r e c y c l i n g  the  added P y r i t e .  

The Y ie lds  were c a l c u l a t e d  du r ing  s teady-s ta te  opera t ion  w i t h  added P y r i t e  
I t was found 

There was a l s o  a s i g n i f i c a n t  

Other product analyses were genera l l y  

The h igher  r e a c t i v i t y  i n  run  DOE 427RB i s  

If 

The gas y i e l d  was h igher  a t  t he  h igher  temperature, as expected, and 

It i s  i n t e r -  

Th is  inc ludes  the  e f f e c t  of t he  h igher  
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r e s u l t i n g  i r o n  concent ra t ion  i n  t h e  feed s l u r r y  as we l l  as any changes t h a t  take 
place i n  the  p y r i t e  as i t  passes through the  system. 

P y r i t e  a d d i t i o n  was h i g h l y  b e n e f i c i a l  i n  bo th  modes o f  opera t ion  w i t h  B e l l e  Ayr 
coal .  Even w i t h  added p y r i t e ,  however, t h e  SRC I stud ies  w i t h  t h i s  coal  i n d i -  
ca ted  an unsa t i s fac to ry  l e v e l  o f  r e a c t i v i t y .  
minutes residence time, 45OoC, 1500 ps ig ,  39 w t  % coal  concent ra t ion  and 1 w t  % 
p y r i t e  add i t i on ,  t he re  was a 5 w t  % de f i c iency  o f  recyc le  so l ven t  and o v e r a l l  
conversion was poor as i n d i c a t e d  by  a 17 w t  % i nso lub le  organic mat te r  y i e l d .  
Thus, the SRC I stud ies  would i n d i c a t e  t h a t  t h i s  coal  was o f  low r e a c t i v i t y  
even w i t h  1 w t  % added p y r i t e .  

As mentioned prev ious ly ,  d r a m a t i c a l l y  d i f f e r e n t  r e s u l t s  were obtained i n  the  
SRC I 1  mode ( run  DOE 350). 
residence t ime),  the  B e l l e  Ayr coa l  was one o f  t h e  most r e a c t i v e  coa ls  ever 
i nves t i ga ted  a t  t he  Merriam Laboratory.  
and t o t a l  organic res idue y i e l d  (SRC + IOM) was on ly  15 w t  %. 

Under the  cond i t i ons  used, 31 

With 1 w t  % added p y r i t e  (450°C, 2250 p s i g  and 1 h r  

O i l  y i e l d  was 56 w t  % (MF coal  bas is )  

I V .  CONCLUSIONS 

1. Low i ron ,  low rank coa ls  can n o t  be processed a t  normal SRC I 1  cond i t ions  
w i thou t  added c a t a l y s t .  

2. Add i t i on  o f  moderate amounts o f  p y r i t e  (4-5 w t  %, based on c o a l )  r e s u l t s  i n  
a t t r a c t i v e  y i e l d s  o f  h igh  q u a l i t y  p roduc ts  and genera l l y  t roub le - f ree  operat ion.  

3. Py r i t es  f rom d i f f e r e n t  o r i g i n s  and those from the  same o r i g i n  ob ta ined a t  
d i f f e r e n t  t imes may have va ry ing  a c t i v i t y .  The f a c t o r s  i n f l u e n c i n g  the  c a t a l y t i c  
a c t i v i t y  o f  p y r i t e  a re  n o t  w e l l  understood, b u t  i n  our  s tud ies  a c t i v i t y  genera l l y  
increased w i t h  i nc reas ing  sur face  area. 

4. 
t he  i r o n  concent ra t ion  i n  t h e  feed s l u r r y  over a wide range o f  the  va r iab les .  

5. 
The optimum temperature fo r  t h e  coa ls  i n  t h i s  study was c l o s e r  t o  450°C than 465OC 
and y i e l d s  can be expected t o  improve as hydrogen pressure i s  increased. 
i n  the  SRC I 1  mode enhances t h e  e f f e c t  o f  added p y r i t e  on coal  r e a c t i v i t y .  

The y i e l d s  f rom B e l l e  Ayr coa l  a t  SRC I 1  cond i t i ons  vary  w i t h  the  l oga r i t hm o f  

The optimum cond i t i ons  f o r  l i q u e f a c t i o n  probably vary w i t h  the  coal  and ca ta lys t .  

Operating 
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TABLE 1 - 
AVERAGE DISSOLVER 
TEMPERATURE: 450, 465°C ( ISOTHERMAL)  OR 

457 c (SIMULATED AD I ABATI C )  

450°C INLET,  460'C O U T L E l  

PRESSURE : 1800 OR 2250 PSIG 

RESIDENCE TIME: 1.0 HOUR 

COAL CONCENTRATION: 30 WT % IN SLURRY 

HYDROGEN FLOWRATE: 4 WT %, BASED ON SLURRY 

MODE: 

LINE 

BELLE AYR 

(KA I PAROWI TS 

PLATEAU) 
ENERGY 
MCKINLEY 
EDNA 
BLACKSVI LLE 

(52 MSCF/TON OF COAL) 

SRC I 1  ( R E C Y C L E  OF UNFILTERED 

COAL SOLUTION) 

TABLE I 1  
w 

SlAIE SEAM % A M  

WY WYODAK- SUBBITUMINOUS 
ANDERSON 

UT RED HVC BITUMINOUS 
CO WADGE SUB A/HVC BIT, 

SUBBITUMINOUS NM 
co h'ADGE SUB A/HVC BIT. 
WV PITTSBURGH BITUMINOUS 

YELLOW, FUCHSIA, BLUE AND GREEN SEAMS ARE MINED. 
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TABLE I I I  
mES 

MCB' 
PVglTf 

WT % 
FE 43 I 6 1  
S 53 I 0 1  
C 0,09 
H 0,011 

MOLE RATIO WE 2.12 
PURITY, WT % BASED ON FE 94 
AVERAGE PARTICLE S I Z E ,  r M  

BY COULTER COUNTER -- 
BET SURFACE AREA, ll2/~ 2 , o  

MATHESON, COLEMAN AND BELL 

MCB' OBENA ROBENA 
P Y R I T E  B L T W  

41,65 30,20 38,75 
50.11 34,38 41.36 
0,lO 5.81  5,112 
0.09 0,69 0.40 
2.10 1 , 9 9  1.86 

89 65 83 

12  1 . 7  3 . 5  

1,l 5,9 2 ,6  

TABLE I V  
S E N S l T l V l T Y  OF VARIOUS COALS TO PYRITE ADDITION 

CONDITIONS. 
COAL BELLE KAIPAR- Mc- EDNA BLACKS- 

AYR OWITS KINLEY V I L L E  

$&*: 
C l - c 4  + 1 . 8  + 0 ,2  - 0 .9  - 2 ,3  - 0 - 1  
TOTAL OIL +22,0 +16.7 t 2 0 . 3  +14,9 + 2.6 
SRC -12,2 - 9.0 -10.5 - 9.1 - 0.7 
IOM -12,O - 6 . 1  - 6,O - 1 .8  + 0.3 

CHANGE IN MAF 
HVDRoGEN* + 0.1 + 1 ,3  + 2 .2  + 1.8 + 0.7 

* ALL AT  450"C, 2250 PSIG 1.0 HOUR RESIDENCE TIME WITH 30 WT X 

** RUN WITH 1 .86  WT 96 PYRITE I 1 1  IN THE SLURRY COMPARED TO RUN 

COAL I N  THE SLURRY AND 4 WT % HYDROGEN, BASED ON SLURRY. 

WITHOUT ADDED P Y R I T E  AT  P O I N T  WHERE OPERATION CEASED, 
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TABLE V 
PROCESSING OF VARIOUS COALS WITH ADDED PYRITE 

CDNDITIONS- 
COAL BELLE KAIFAR- Mc- EDNA BLACKS- 

AYR OWITS KINLEY V l L L E  

c1-c4 12.7 11.8 12,4 14.8 13,O 
TOTAL OIL 49.5 56.8 49,3 53.9 42.9 
SRC 21.3 17.8 26.5 21.4 36.3 
I OM 2.9 2.8 4,6 4 , l  6.1 

- 
H Y D R O G ~ ~  ONSUMPTION, 
M .% M OAL 4.5 5.4 5,1 6.3 4,8 

ALL AT 450"C, 2250 PSIG, 1,O HR RESIDENCE TIME WITH 30 WT 4; 

COAL AND 1,86 WT L ROBENA PYRITE I l l  IN THE SLURRY AND 

4 WT % HYDROGEN, BASED ON SLURRY, 

TABLE V I  

FFFECT OF PYRIT- 

CONDITIONS' ' 

PYRITE 
ADDITION LEVE;L, 

WT .% COAL* 

FEED 8LuRRY 
TO A L  s L I D S  I N  - 
c1-c4 
TOTAL OIL 

SRC 
I OM 

WT .% MF OAL 
HYDROGEN C ~ N S U M P T  I ON, 

58% 
ROBENA I 1  

2,15 

44.6 

10,8  
55.9 
13,5 
1.3 

5,4 

& 
MCB I I  

4.18 

50,7 

12,l 
44.6 
17,4 
6.3 

5,1 

8% 
ROBENA I l l  

4.26 

49,8 

13.0 
41.6 
19.0 
5.2 

4 , 8  

FOR A 449-450°C 2250 PSIG AND 1 HOUR RESI ENCE TIME 
WITH ! ~ ' w T  L BELLE AYR COAL IN THE SLURRY AND 8 WT % 
HYDROGEN, BASED ON SLURRY. 

25 



c Q M m l Q x *  

COAL 

PYRITE 

-* 
c1-c4 
TOTAL OIL 
S RC 
I OM 

2imf.B 
BELLE 

AY R 

ROBENA I 1  

+3.5 
-4.3 
-2.2 
+2.0 

+0,9 

& &  
KAIPAR- ENERGY 

FlCB I MCB I 
OWITS 

+4 ,4  t 3 . 3  
-1.7 -2.5 
-4.6 -9,5 
+0.7 +6,2  

t1.0 +0,2 

ALL AT 2250 PSIG AND 1 HOUR RESIDENCE TIME WITH 30 T % 
COAL AND 1.0 WT % ADDED P Y R I T E  I N  THE SLURRY; 4 WT !! 
HYDROGEN, BASED ON SLURRY, 

** RUN AT 465°C COMPARED TO ONE AT 450°C. 

TABLE V I  I I 
COMBINED EFFECTS OF TEMPERATURE AND PRESSURE 

ON THE SRC I 1  PROCESSING OF EDNA COAL 
WITH ADDED PYRITE - 

AVERAGE DISSOLVER TEMP,, " C  
PRESSURE, PSIG - 

C l - C 4  
TOTAL OIL 
S RC 
I OM 

HYDROGIN CONSUMPTION, 
OAL 

tlxxzRA 
457 

1800 

1 4 . 4  
43,5 
20.0 

6 . 2  

4.9 

r!oExm 
450 

2250 

1 2 , 2  
4 6 . 1  
2 1 , 4  
4 .3  

5.1 
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